Indonesia is rich in medicinal plants which the population has used traditionally from generation to generation for curing diseases. Our interest in the treatment of infectious diseases has lead to the investigation of traditional Indonesian treatments. In this review, we present a comprehensive review of ethnopharmacologically directed screening in Indonesian medicinal plants to search for new anti-viral, antimalarial, anti-bacterial and anti-fungal agents. Some potent drug leads have been isolated from Indonesian medicinal plants. Further research is still required for the lead development as well as the search for new bioactive compounds from the enormous medicinal plant resources.
Indonesia is an archipelago consisting of approximately 17,508 islands and is covered by tropical rain forest, seasonal forest, mountain vegetation, subalpine shrub vegetation, swamp and coastal vegetation. With its reflective mixture of Asian and Australian native species, Indonesia is said to possess the second largest biodiversity in the world, with around 40,000 endemic plant species including 6,000 medicinal plants [1] [2] [3] [4] [5] .
Medicinal plants have accompanied the development of indigenous Indonesian traditional treatments which is a combination of physical and spiritual aspects to form a holistic medication. This is heavily influenced by the Indian Ayurveda, ever since the early civilization in Indonesia when Hinduism spread from India to Asia [6, 7] . Conversely, the incorporation of indigenous medicinal plants not found in India enhanced the development of local Indonesian traditional medication [6] which has been further enriched by influences from Chinese and Arabian traders [8] . The long indigenous history and the variety of geographical conditions have created a variety of unique Indonesian cultures, of which only a few have recorded their traditional medication; these include the indigenous people of Sumatra, Java and Bali [9] [10] [11] [12] [13] . Much of this knowledge was not recorded and was verbally passed from generation to generation, which is common in tribes living in remote areas [14] . The knowledge is commonly practiced which leads to most of the population still relying upon medicinal plants [15, 16] .
The settlement of Europeans in Indonesia in the early 17 th century intervened with the local medication [17] . The lack of knowledge of European physicians of the unique tropical diseases and the limited western medication forced the Western scientists to explore the Indonesian medicinal plants [17] . They subsequently used and published indigenous Indonesian traditional herbal medicine treatments showing them to be understandable and legitimate [8, 17] . Findings were published in notable books, including "De medicina Indorum" by Bontius in 1642 [18] , "the Ambonese herbal" by Rumphius in 1741 [19] , "Materia Indica" by van der Burg in 1885 [17] , "De nuttige planten van Nederlansch Indie" by Heyne in 1927 [20] and "select Indonesian medicinal plants" by Steenis-Kruseman in 1953 [21] . The outcomes were also reported in the Medical Journal of the Dutch East-Indies (1894-1925) [17] .
Common infectious diseases occuring in traditional circumstances were able to be correlated with the then modern clinical pathology [19] . This made it easier for investigators, when reading ancient texts and listening to local informers (healers), to re-collect the knowledge through expedition which now helps scientists to perform narrowed pharmacochemical screening in finding new anti-infectious drug leads [22] [23] [24] [25] [26] . Since the 1970's, with the use of laboratory based experiments and the development of analytical technology, many bioactive compounds from Indonesian medicinal plants have been revealed. These include anti-viral, anti-malarial, antibacterial and anti-fungal agents. This review examines Anti-HSV and anti-poliovirus: Selected Indonesian medicinal plant extracts have been tested against HSV-1 and poliovirus (Table 1 ) [29] . Quassionoid compounds might be responsible for the anti-HSV-1 activity although a drawback to further development is their cytotoxicity [30] . Another study proposed the essential oil and tannin constituents were responsible for the anti-HSV-1 activity [31, 32] . This was based on data suggesting plants that do not contain essential oils or tannins, e.g. Garcinia sp, have lower activity against HSV-1 than high essential oil containing plants, e.g. Sapindanaceae plants.
Anti-Rhinovirus:
Ginger rhizome is commonly prepared into a traditional hot drink for common cold relief which can be correlated with rhinovirus infection. Many rhino anti-virals from natural products have been found from higher plants including lipophilic flavonoid type molecules (i.e flavan 1 and 4',6-dichloroflavan 2) [35] . An investigation into the Indonesian ginger rhizome resulted in the isolation of four lipophilic sesquiterpenes, arcurcumene 3, β-sesquiphelandrene 4, α-zingiberene 5, βbisabolene 6 ( Figure 1 ). These compounds possessed rhinovirus IB inhibitor activity at an ED 50 of 20.4, 0.9, 1.90, 14.3 µg/10 mL, respectively. The most active is the β-sesquiphellandrene 4 with IC 50 of 0.44 µM. A structure analysis would suggest that the sesquiterpene and flavan compounds are equal in size and polarity [36] . However, a minor change in structure results in a significant difference in bioactivity and further studies are therefore required to determine the target of the flavan and the sesquiterpenes molecules. 
Anti-HIV agents:
Although HIV is an imported disease to Indonesia, it is highly prevalent. While there are no specific traditional medicines to treat HIV, traditional antiviral concoctions may lead to new potential anti-HIV leads. Therefore at least twenty one Indonesian medicinal plants were screened against HIV-1 protease and HIV-1 replication ( [37] . However, there was no further exploration of these plants except Garcinia mangostana L. This study isolated mangostin 7 and γmangostin 8 ( Figure 2 ) which showed non-competitive inhibition against HIV-1 protease with IC 50 values of 5.12 and 4.81 mM, respectively [40] . The helicterins were tested against avian myeoblastosis virus-reverse transcriptase (AMV-RT) and presented weak activity (Table 3 ). However, compared to the standard drug for AMV infection, adriamycin 24, and helicterins A 15 possessed equal activity [43] . There is no specific information regarding the mechanism of inhibition of this compound.
Figure 4:
Map of Indonesia [46] . * The sites of ethnophamarcological field trips in endemic malaria regions in some islands. Each region is discussed separately in the following sections.
Anti-malarial agents:
Ethnopharmacological studies revealed particular medicinal plants were used for malarial
Nugraha & Keller fever therapy in some regions ( Figure 4 ). Further experiments produced the extracts responsible for the claimed activity (Table 4) with only a small number investigated further to reveal individual compounds [44, 45] . 
Sumatra Island: An expedition in Sumatra Island revealed
Anthocephalus chinensis, Beilschmiedia madang BL. and Brucea javanica L. Merr to be used in malarial therapy [3] . Among the fourteen compounds ( Figures 5 and 6 ), only eight were subjected to in vitro testing against the Plasmodium falciparum K1 strain. The results indicated no anti-malarial activity except the indole type compound cadambine 35, which showed a moderate inhibitory activity at IC 50 of 6.77 µM and IC 90 9.85 µM [47] .
Anthocephalus chinensis (Rubiaceae
Beilschmiedia madang BL. (Lauraceae). The decocted wood of B. madang (locally called as 'medang kohat') has been used by people in Kepahiang to treat malaria fever [53] . From this was isolated dehatrine 39 ( Figure 7) which was found to have anti-malarial activity with an IC 50 of 0.17 µM against the Plasmodium falciparum K1 strain, a chloroquine resistant strain [53] . compounds were also tested against Babesia gibsoni parasite of dogs which brucein A 45, bruceinthinol 43 and B 44 possessed potent activities with IC 50 values of 4, 12 and 12 ng/mL, respectively [54] .
Java and Lombok Islands: The Javanese and Lomboknesse native people have been infected with malarial fever for centuries. However, they survive by consuming young leaves of Alstonia scholaris [59] . Investigation on samples taken from Java and Lombok Island isolated (Figure 9 ) [59, 60] . Tubotaiwine 64 and mataranine A 73 and B were claimed to be responsible for the antimalarial activity (Table 5 ) [60, 61] . Eurycoma longifolia Jack. (Simaroubaceae). This plant is locally called "pasak bumi" by people of Borneo Island where it has been used to treat malaria, dysentery, glandular swelling and persisten fever [68] . Eleven molecules, 9methoxycanthin-6-one 88, 9-hydroxycanthin-6-one 89, 9methoxycanthin-6-one-N-oxide 90, 9-hydroxycanthin-6one-N-oxide 91, β-carboline-1-propionic acid 92, 7methoxy-β-carboline-1-propionic acid 93, eurycomanone 94, 13,21-dihydroeurycomanone 95, 13β,21dihydroeurycomanone 96, eurycomanol 97 and longilactone 98, were isolated of which only the compounds 93 and 94 were shown to have weak anti plasmodium activity [68] . Figure 12 ) [69] . The anti-malarial activity of the isolates were tested against Plasmodium berghei (Table 6 ). The preliminary anti-malarial testing in mice infected with chloroquinene-resistant Plasmodium berghei, showed that norcaesalpinin A 118 suppressed the parasitemia by 48.0, 40.9 and 33.0% at doses of 10, 1 and 0.1 mg/kg, respectively [70] .
Most of the isolates were also tested against Plasmodium falciparum culture (see Table 7 ) with 122 as the most active quassinoid with an IC 50 value of 0.09 µM [74] .
A QSAR study on the cassane and norcassane-type diterpenes observed that the presence of an acetoxy group resulted in a higher anti-malarial activity than when a hydroxyl substituent was present. On the other hand, any additional functional group on the C-ring in 17-norcassane-type diterpenes reduced the activity [74] . Figure 14) . Compounds 139-141, 145, 147 were previously isolated from other simaroubaceous [76] . Four of the isolates were tested for anti-malarial activity against Plasmodium falciparum K1 ( Table 8 ) which showed that samaderine 142 was the most active compound [76] . * Chloroquine 138, positive control, was discovered in 1934 and it has been used as anti-malarial agent which also shows anti-viral effects [75] . Anti-bacterial agents: Indigenous Indonesian people has treated diarrhea, swelling, redness and fever with medicinal plant preparations [11, 77] in which these symptoms have modern clinical correlations with bacteria causing diseases. Most of the anti-bacterial outcomes were preliminary studies of extracts (see Table 9 ), which only gave indications of activity. Several extracts such as those from Terminalia catappa, Swietenia mahagoni Jacq., Phyllanthus acuminatus, Ipomoea spp., Tylopora asmathica and Hyptis brevipes possessed high activity which might provide a stimulus for further research [78] . Additional work was performed on a few species resulting in the following:
Clerodendron calamisotum L. and Clerodendron paniculatum L. (Verbenaceae): At least five alkaloids were present in Clerodendron calamisotum L. and Clerodendron paniculatum L. however the alkaloids were not responsible for the anti-bacterial activity [61] .
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Nugraha & Keller Figure 15 ). The crude extracts possessed moderate antibacterial activity (MRSA) while the isolated curcumene showed less activity [79] . The extract has potential against Staphylococcus mutans for dental caries prevention [80] . Among the compounds, 154, 155, 156 and 157 exhibited significant inhibitory activity with an MIC of 25, 12.5, 6.25, 6.25 µg/mL, respectively while the others showed an MIC of more than 100 µg/mL [81, 82] . This difference might be correlated with the existence of an extra bridged ring in ring C of the structure. Figure 17 ) [61] . Hodgkinsine 163 presents the major alkaloid while meso-chimonanthine 160 exists as a minor alkaloid constituent along with two others which were still under investigation [59] . Further chemical investigation on their activities are discontinued [59] . However, initial bacterial testing (Table 10) revealed that isolate 164 can caused bacteriolysis at 1.0 mg/mL but suppressed the growth at 0.5 mg/mL [61] . Figure 18 ). The latter two compounds also exist in Alstonia scholaris collected from the same region. Lombine 166 is responsible for the antibacterial activity of the original extract as this alkaloid exhibited bactericidal activity against Staphylococcus aureus and Escherichia coli resulting in 94% and 95% cell death, respectively at a concentration of 0.5 mg/mL compared to crude extracts which only partially inhibited at the same concentration [83] . Voacristine 170 showed lower activity with 87% of bacterial cell death at 1.0 mg/mL [61] .
Antifungal agents: Indonesian medicinal plants have also been prepared traditionally for fungi caused diseases [84, 85] . Investigations resulted in several species extracts showing significant activities (see Tables 11 and 12 In summary, this review has highlighted the investigations which studied 181 of around six thousand Indonesian medicinal plants which revealed 165 isolates. Some potent drug leads were isolated, eg β-sesquiphellandrene as an anti-rhinoviral agent, dehatrine, mataranine A and B as anti-malarial agents and lombine and LPM-574 as antibacterial agents. The remaining preliminary studies on these Indonesian medicinal plants indicate that they are prospective sources of potent anti-microbial constituents and require further studies to establish these outcomes. All extracts were obtained from the aerial part of plants except, S. Mahogany, whose seed was used and the Zingiberaceae, whose rhizome was used unless stated as ST (stalk). * DCM extract; **MeOH extract; ***EtOH extract. Activity shown as symbol + 25% less than control, ++ equal to the control, +++, 25-50% more than control, ++++ 50% than control. In case of Zingiberaceae extracts, result was showed as mean diameter (in mm) of fungal growth inhibition zones. Sterile paper disc (7.5 mm diameter) was impregnated into 0.2 mg/μL ethanolic extract for disk diffusion assays.
